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NATIONAL ADVISORY COMMITTEE EOR AERONAUTICS 
EESEABCH MEMORANDUM 

ALTITUDE -CHAMBER PERFORMANCE OF BRITISH 
ROLLS-ROYCE NENE II ENGINE 
III - 18. 00 -INCH-DIAMETER JET NOZZLE 


By Ralph E. Grey, Virginia L. Brigbtwell, and Zelmar Bar son 


SUMMARY 

An altitude -chamber investigation was conducted at the NACA 
Lewis laboratory to determine the altitude performance character- 
istics of the British Rolls-Royce Nene II turbojet engine with 
an 18. 00 -inch -diameter jet nozzle. Results are presented for simu- 
lated altitudes. from, sea level to 65,000 feet and for ram pressure 
ratios from* 1.10 to 3.50 (corresponding to flight Mach numbers from 
0*37 to 1.47, assuming 100-percent ram pressure recovery). 

Typical performance -data plots are presented to show graph- 
ically the effects of altitude and of flight ram pressure ratio. 
Conventional correction methods were applied to the data to deter- 
mine the possibility of generalizing each performance parameter to 
a single curve. A complete tabulation of corrected and uncorrected 
engine -performance parameters is presented. A comparison of engine 
performance with the 18. 75-, 18.41-, and 18. 00 -inch-diameter jet 
nozzles and without a jet nozzle is made to show the effect of 
changes in nozzle size under simulated-flight conditions. 

The investigation showed that engine performance obtained at any 
one altitude could not be used to predict performance at other 
altitudes above 30,000 feet with the 18. 00 -inch-diameter jet nozzle. 
For varying ram pressure ratios at a given altitude, engine per- 
formance can be predicted from data representing other ram pressure 
ratios only when critical flow exists in the jet nozzle. 

A comparison of the engine performance with the three jet- 
nozzle sizes and without a jet nozzle at an altitude of 30,000 feet 
and a ram pressure ratio of 1.70 indicated that the 18.00-inch- 
diameter jet nozzle gave the lowest values of net-thrust specific 
fuel consumption at practically all engine speeds. At lower ram 
pressure ratios, the 18. 41-inch -diameter jet nozzle gave lower 
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values of net-thrust specific fuel consumption at high engine speeds. 
Jet thrust, net thrust, fuel consumption, and tail-pipe indicated 
gas temperature generally increased with use of the smaller nozzles. 


INTRODUCTION 

The altitude performance investigation of a British Rolls- 
Royce Nene U engine was conducted in an altitude chamber at the 
NA.CA Lewis laboratory during 1948. Three different jet-nozzle 
diameters were used in the investigation of this engine to deter- 
mine the effect of nozzle size an engine performance. A limited 
amount of data was obtained without a Jet nozzle attached to the 
engine tail pipe. 

The principal objectives of the investigation were to deter- 
mine the altitude performance with an 18. 00 -inch -diameter Jet 
nozzle and to determine the range of Simula ted-f light conditions 
over which the performance parameters might be generalized to a 
single curve. The effect of change in jet-nozzle size an altitude 
performance was of interest# particularly with reference to engine 
specific fuel consumption , because a jet nozzle smaller than stand- 
ard can be used at cruise conditions without exceeding allowable 
temperatures. A smaller Jet nozzle should give higher thrust and, 
possibly lower specific fuel consumption over nearly the entire 
range of engine speed. 

The effects of altitude and flight speed on the over-all 
engine performance using the standard 18.75- and an 18.41-inch- 
diameter jet nozzle are presented in references 1 and 2, respec- 
tively. The over -all engine performance using an 18. 00 -inch- 
diameter jet nozzle is presented herein. Results are presented 
for simulated -flight conditions varying in altitude from sea level 
to 65 ,000 feet and In ram pressure ratio from 1.10 to 3.50. These 
ram pressure ratios correspond to flight Mach numbers from 0.37 
to 1.47, assuming 100-percent ram, pressure recovery. The conven- 
tional method of reducing data to sea -level conditions (reference 3) 
was used to determine whether performance could be generalized; 
that is, whether data obtained at one altitude and ram pressure 
ratio can be used to predict performance at other conditions of 
altitude and ram pressure ratio. A comparison of performance with 
three jet-nozzle sizes and without a jet nozzle (open tail pipe) 
is presented as an indication of engine performance with a variable- 
area jet nozzle; generalization of performance with varying jet- 
nozzle area, however, is not included. 


/ 
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DESCRIPTION OF POWER PLANT 

A cutaway view of the British Rolls-Royce Nene II power plant, 
which is a through-flow turbojet engine having nine combustion 
chambers, is shown in figure 1. The engine incorporates a single - 
stage double -entry centrifugal compressor (tip diameter, 28.80 in.) 
driven by a single-stage reaction turbine (tip diameter, 24.53 in.). 
The turbine -nozzle area is 126 square inches and the standard Jet- 
nozzle area is 276 square inches. The dry engine weight is approxi- 
mately 1720 pounds (starting panel and generator included); the 
maximum, di ame ter (cold) is 49.50 inches, giving an effective frontal 
area of 13.36 square feet. The sea -level engine performance with 
the standard 18. 75 -inch-diameter Jet nozzle (reference 4), based on 
Rolls-Royce static test-bed data, is: 


Rating 

Ss 

> *■ 

■p 

Engine speed 
(rpm) 

Specific fuel 
consumption 
(lb/ (hr) (lb thrust)) 

Tate -off 

. 5000 

12,250 

1.04 

Military 

5000 

12,250 

1.04 

Max. cruise 

4000 

11,500 

1.02 

Idle 

120 

2,600 

— 


From these values it can be seen that the rated military thrust 
per unit weight of engine is 2.91 pounds thrust per pound veight, 
and the rated military thrust poo unit of frontal area is 
374 pounds thrust per square foot. The maximum, allowable tail- 
cone gas temperature is 1365° F with the standard 18. 75 -inch - 
diameter Jet nozzle. 

A sea- level acceptance run of the engine with the standard 
18.75-inch-diameter Jet nozzle, with minimum research instru- 
mentation installed, showed a thrust of 5110 pounds and a spe- 
cific fuel consumption of 1.01 pounds per hour per pound of 
thrust at an engine speed of 12,261 rpm. 

APPARATUS AND PROCEDURE 
Altitude Test Chamber 

The engine was installed in an altitude test chamber 10 feet 
in diameter and 60 feet long (schematically shown in fig. 2). The 
inlet section of the chamber (surrounding the engine) was separated 
from the exhaust section by a steel bulkhead; the engine tall pipe 
passed through the bullhead by means of a low-fricticn seal. The 
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seal ms composed of three floating asbestos -hoard rings so 
mounted on the tall pipe as to allov thermal expansion in both 
radial and axial directions, as veil as a reasonable amount of 
lateral movement to prevent binding. 

Engine thrust vaB measured by a balanced -pressure -diaphragm- 
type thrust indicator outside the test chamber, connected by a 
linkage to the frame an which the engine ms mounted in the chamber. 

An A.S.M.E. type flat-plate orifice mounted in a straight run 
of 42 -inch -diameter pipe at the approach to the test chamber was 
provided for measuring engine air consumption. Because of the 
large variation in atmospheric conditions investigated, considerable 
difficulty was encountered with condensation in the orifice 
differential -pres sure lines despite repeated attempts to remedy 
this situation. Engine air consumption was therefore calculated 
from pressure and temperature measurements in the tall pipe, as 
described in the appendix. 

Bam-air pressure was controlled by a main, electrically 
operated butterfly valve in the 42 -inch air-supply line, bypassed ^ 

by a 12-inch, pneumatically operated V-port valve. Air was 
supplied by either a combustion -air (moist, room tempera tire ) 
system or a refrigerated-air (dry, cooled) system at temperatures 
near those desired.- Final control of air temperature was accom- 
plished by a set of electric heaters in the bypass line immediately 
preceding the entrance to the test chamber. The air entered the 
test chamber, passed through a set of straightening vanes, and' then 
entered the engine cowl. The purpose of the cowl was to prevent 
direct circulation of heated air from the region of the tail pipe 
and combustion chambers into the aft inlet of the compressor. The 
air so heated was therefore mixed with the cooler air supply before 
entering the compressor. 

The exhaust jet was discharged into a diffusing elbow mounted 
in the exhaust section of the chamber. This elbow ducted the gases 
into a dry-type primary cooler. Control of the exhaust pressure 
was obtained by a main, electrically operated butterfly valve, 
bypassed by a 20-inch, pneumatically operated butterfly valve. The 
gases then passed through a dry-type secondary cooler and thence 
into the system exhausters. 
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Instrumentation 

Compressor -inlet temperature and total pressure vere measured 
ty eight probes, each, comprising an iron-constantan thermocouple 
and a total -pressure tube. Four probes vere equally spaced around 
the periphery of the front compressor -inlet screen and four around 
the back screen (station 2, fig. 3). Control of ram pressure and 
temperature vas based on the averaged readings of the eight probes. 
Compressor-discharge pressures vere measured at the exit of 
compressor -discharge elbows 1, 4, and 7 by seven total -pressure 
tubes in each elbow. 

Engine tail-pipe temperatures at station 6 vere measured by 
25 chromel-alumel, stagnation-type thermocouples located in an 
instrument ring. The instrument ring also included 24 total- 
pressure probes, 14 static -pressure probes, and 4 wall static - 
pressure taps. This instrumentation vas located approximately 
18 inches downstream of the tail cone. In addition, the four 
standard None engine tail-cone thermocouples supplied by Rolls - 
Eoyce Ltd. were mounted in the tail cone and vere used for engine - 
control purposes. Pressure and temperature instrumentation vas 
also located at oih.er stations throughout the engine; measurements 
from this instrumentation are not reported. 

All pressures, including the thrust-indicator-diaphragm pres- 
sure, vere instantaneously recorded by photographing the manometer 
panel. Temperatures vere recorded by two self-balancing, scanning 
potentiometers, which required about 3 minutes to record all engine 
temperature s . 

Engine speed vas measured by an impulse counter, which operated 
on the frequency of a three-phase generator mounted on the accessory 
case of the engine. Actions of the counter and a timer vere 
synchronized. 

Fuel consumption vas measured by a calibrated variable -area- 
orifice flow meter, which allowed full-scale readings for various 
ranges of fuel flow by changing the orifice flow area. 

With the exception of air consumption, performance data vere 
generally reproducible within 2 percent. Air -consumption data 
scattered appreciably at high engine speeds and were , in general , 
reproducible only to within 5 percent with a few points showing 
even greater scatter. 
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Procedure 

Performance characteristics of the engine were determined over 
a range of engine speeds at simulated altitudes from sea level to 
65,000 feet and ram pressure ratios from. 1.10 to 3.50. Inlet-air 
temperatures were, in general, held to within 3° F of NACA sta n dard 
values corresponding to the simulated -altitude and ram-pressure - 
ratio conditions. Compressor -inlet total pressures were held at 
values corresponding to the simulated -flight conditions, assuming 
100 -percent ram pressure recovery. 


RESULTS ABE DISCUSSION 

A summary of performance and operational data obtained at 
Simula ted -altitude conditions is presented in table I. Altitude 
data corrected for small variations in compressor -inlet pressure 
and temperature settings and for variations in exhaust -pressure 
settings are summarized in table IX. Table IX also includes the 
data corrected to conditions of NACA standard sea-level static 
pressure and temperature at the compressor inlet. 


Simulated -Flight Performance 

Effect of altitude. - Typical performance data from table II , 
obtained at a ram pressure ratio of 1.30 and simulated altitudes 
from sea level to 60,000 feet, are presented to show the effect of 
altitude an jet thrust, net thrust, air consumption (cooling air 
excluded), fuel consumption, net-thrust specific fuel consumption, 
and tail-pipe indicated gas temperature (figs. 4 to 9, respectively). 
The trends shown are similar to those discussed in reference 1; that 
is. Jet thrust, net thrust (except at low engine speeds), air con- 
sumption, and fuel consumption rapidly decrease with an increase in 
altitude and net-thrust specific fuel consumption generally decreases 
up to an altitude of approximately 30,000 feet, above which this 
trend reverses ‘to give higher specific fuel consumption at higher 
altitudes . Although the data plotted for an altitude of 60,000 feet 
are too scattered to indicate this reversal conclusively (fig. 8), 
plots (not included herein) of other data from table II make the 
reversal in trend evident. This reversal, discussed In reference 1, 
Is a result of decreasing inlet-air temperature, which increases the 
compressor-tip Mach number, thus producing an increase in the com- 
pressor pressure ratio and cycle efficiency. The reversal therefore 
apparently takes place at the tropopauae (35,332 ft based on NACA 
standard atmosphere). 


1253 



NACA EM E50A31 


7 


The specific -fuel-consumption, curves are computed from values 
obtained from, the faired fuel-consumption and net-thrust curves; any 
discrepancies that occur "between the fuel -consumption and net-thrust 
data and the faired curves are carried over to the specific-fuel- 
consumption curves. The actual data points therefore in many cases 
do not fall on the computed curve. 

At engine speeds below 10,000 rpm, tail-pipe indicated gas 
temperature (fig. 9) decreased as altitude was increased to the 
tropopause and then remained constant with further increase in 
altitude. At engine speeds above 10,000 rpm, this trend was 
reversed. This reversal in trend takes place at engine speeds 
lower than 10,000 rpm for ram pressure ratios greater t han the 
sample 1.30 data and at higher engine speeds for lower ram pres- 
sure ratios. 


Effect of ram pressure ratio. - Performance data obtained at 
a simulated altitude of 30,000 feet and at ram pressure ratios from 
1.10 to 3.00 are presented to show the effect of ram pressure ratio 
on Jet thrust, net thrust, air consumption, fuel consumption, net- 
thrust specific fuel consumption, and tail-pipe indicated gas temper- 
ature (figs. 10 to 15, respectively). 

The increase in air density at the engine inlet that accompanies 
an increase in ram pressure ratio generally increases Jet thrust, air 
consumption, and fuel consumption throughout the range of engine speeds 
investigated. Net thrust increases with increasing ram pressure ratio 
at high engine speeds but decreases with increasing ram pressure ratio 
at low engine speeds. For the sample data shown (altitude of 
30,000 ft), the reversal, in trend occurs at approx im ately 10,000 rpm. 
Net-thrust specific fuel consumption increases with increasing 
ram pressure ratio-. The tail-pipe indicated gas temperature 
in general decreases slightly with increasing ram pressure ratio. 

This decrease is small and somewhat inconsistent and could be 
interpreted as data scatter at the higher engine speeds. As 
would be expected, an appreciable decrease in temperature occurs 
at the lower engine speeds where there is a tendency for the engine 
to windmill. 

These trends with varying ram pressure ratio are similar to 
those discussed in greater detail in reference 1. 


Generalized Performance 

Performance data’ representing engine operation at altitudes 
fr om sea level to 65,000 feet and at ram pressure ratios from 
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1.10 to 3.50 were reduced In the conventional manner (reference 3) 
to NACA standard sea-level conditions. The development of this 
method of generalizing data involves the concept of flow similar- 
ity and the application of dimensional analysis to the performance 
of turbojet engines. In this development, the efficiencies of 
engine components are considered to be unaffected by changes in 
flight conditions. at a given corrected engine speed. 

Effect of altitude. - Typical corrected engine performance 
data (table II ) obtained at a ram pressure ratio of 1.30 and sim- 
ulated altitudes from sea level to 60,000 feet are compared to 
show the effect of altitude on the corrected values of Jet thrust, 
net thrust, air consumption, fuel consumption, net-thrust specific 
fuel consumption, and tail-pipe indicated gas temperature 
(figs. 16 to 21, respectively). 

The corrected values of Jet thrust and net thrust (figs. 16 and 
17) generalize for all altitudes up to 30,000 feet. At higher alti- 
tudes, the thrust decreases with increase in altitude. This decrease 
in thrust. with altitude is less than that shown in references 1 and 2 
because with the 18.00-inch-diameter Jet nozzle the engine operates 
at higher pressure and temperature levels. The decrease in air den- 
sity with increase in altitude therefore has less effect. Also, 
because an appreciable scatter exists in the available data for high 
altitudes, no consistent trend in air consumption with increase in 
altitude is indicated (fig. 18). Corrected fuel consumption 
(fig. 19) increases slightly with increase in altitude at high values 
of corrected speed. Plots of other data from table II show that at 
low engine speeds, fuel consumption increases rapidly with increase 
in altitude, as is also shown in references 1 and 2. The corrected 
net-thrust specific fuel consumption curves (fig. 20) generalize up 
to an altitude of 20,000 feet. Above 20,000 feet, the corrected 
specific fuel consumption increases with increase . in altitude . The 
60,000-foot data points do not fall on the ccrfputed curve, as 
explained in the discussion of figure 8. The corrected tail-pipe 
indicated gas temperature (fig. 21) generalizes for all altitudes 
investigated. 

Effect of ram pressure ratio. - The conventional method of 
generalizing data was specifically developed to adjust for changes 
in the pressure and the temperature of the atmosphere in which the 
engine is submerged. A variation in ram pressure ratio (flight 
speed) changes the performance characteristics because it -has the 
effect of changing the compression ratio qf the engine. In general, 
the increase in operating pressure that accompanies increase in ram 
pressure ratio raises the total expansion pressure ratio of the 
engine (from turbine inlet- to Jet-noz?le throat) until critical flow 
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Is established in the Jet nozzle. After critical flow is estab- 
lished, the expansion pressure ratio of the engine remains constant 
with further increase in ram pressure ratio. The engine is then 
effectively submerged in an atmosphere having a static pressure 
equal to the pressure existing in the Jet-nozzle throat and is 
operating at a constant effective ram pressure ratio. The effective 
ram pressure ratio is then equal to the ratio of the compressor-inlet 
total pressure to the Jet-nozzle-throat static pressure. With criti- 
cal flow in the Jet nozzle, generalization of flow characteristics 
within the engine should be possible within the limitations discussed 
in connection with altitude effects. 

Typical performance data obtained at a simulated altitude of 
30,000 feet and ram pressure ratios from 1.10 to 3.00 are compared 
to show the effect of ram pressure ratio on the corrected values of 

F* 4 1 PaA*7 

Jet thrust. Jet -thrust parameter — « — . . . . net thrust, air con- 

o 

sumption, fuel consumption, net-thrust specific fuel consumption, 
and tail-pipe indicated gas temperature (figs. 22 to 27, respectively). 

Corrected Jet thrust (fig. 22(a)) does not generalize but cor- 
rected Jet-thrust parameter (fig. 22(b)), for which the development 
is given in reference 1, generalizes for all conditions for which 
the Jet nozzle is choked. The corrected net thrust of figure 23 
appears to generalize for ram pressure ratios greater than 1.30 at 
the higher speeds, but data for ram pressure ratios less than 1.30 
do not generalize. Inasmuch as net thrust is a function of Jet 
thrust and air consumption and Jet thrust did not generalize, there 
is no reason to expect net thrust to generalize. At higher flight 
speeds (ram pressure ratios), however, the momentum of the incoming 
air is greater for a given mass flow; this larger quantity, when 
subtracted from the higher Jet-thrust values of figure 22(a), causes 
the corrected net thrust to generalize for ram pressure ratios above 
1.30. Corrected air consumption (fig. 24) apparently generalizes at 
all ram pressure ratios. Corrected fuel consumption generalizes at 
the high engine speeds when critical flow exists in the Jet nozzle 
(fig. 25). At lower engine speeds the fuel consumption decreases 
with increase in ram pressure ratio. Wet-thrust specific fuel con- 
sumption (fig. 26) shows reasonable generalization for ram pressure 
ratios of 1.30 and above. Data for a ram pressure ratio of 1.10 
show slightly lower values of specific fuel consumption. The tail- 
pipe indicated gas temperature (fig. 27) also generalizes to a sin- 
gle curve for engine speeds at which critical flow existed in the 
Jet nozzle. At lower engine speeds the corrected tail-pipe indi- 
cated gas temperature decreases with increase in ram pressure ratio. 
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Effect of Jet-Nozzle Area on Performance 

The performance of the engine using an 18.00-inch-diameter jet 
nozzle is compared at an altitude of 30,000 feet and a ram pressure 
ratio of 1.70 vith performance using: (a) the standard 18.75-inch- 

diametor jet nozzle (reference l); (b) an 18. 41- inch-diameter jet 
nozzle (reference 2); and (c) engine tail pipe without a jet nozzle. 
The tail-pipe diameter is 22 inches; therefore, the data without a 
Jet nozzle will be referred to as the "22-inch nozzle data." These 
results are presented in figures 28 to 38. The changes in perform- 
ance caused by changes in Jet-nozzle area follow the expected trends 
discussed in reference 2. Tail-pipe total pressure increases with 
decrease in nozzle size (fig. 28). Compressor pressure ratio at a 
given engine speed remains nearly constant for the range of air flow 
encountered in this investigation (fig. 29) except at the lower 
engine speeds. Because turbine-inlet pressure remains nearly con- 
stant and tail-pipe total pressure increases vith decreasing jet- 
nozzle area, total -pressure ratio across the turbine decreases vith 
a decrease in jet-nozzle area (fig. 30). In order to maintain the 
required compressor work per pound of air, which is independent of 
nozzle size (fig. 31) and represents nearly the entire turbine power 
output, it is necessary to operate the turbine at a higher temper- 
ature level as the Jet area is decreased, which results in an 
increase in both turbine-inlet total temperature (fig. 32) and tail- 
pipe temperature (fig, 33) . Except at the high engine speeds, the 
increases in turbine-inlet total temperature and in tail-pipe indi- 
cated gas temperature are nearly equal. 

For critical flow in the turbine nozzles, air flow is essen- 
tially proportional to the turbine-inlet pressure, which is nearly 
constant, and inversely proportional to the square root of turbine - 
inlet temperature, which increases with a decrease in nozzle size; 
therefore, air consumption decreases with decreasing jet-nozzle 
area (fig. 34). Because the air-consumption data included herein, 
as well as those of references 1 and 2, were not sufficiently con- 
sistent to indicate trends of small magnitude, the curves of fig- 
ure 34 were obtained from a single faired curve for each nozzle 
size, using corrected data for altitudes up to 30,000 feet at a 
ram pressure ratio of 1.70. Air consumption generalizes with alti- 
tude up to 30,000 feet, as is shown in figure 18; it is therefore 
possible to -invert the correction factors and to apply them to the 
corrected parameters to obtain a smooth curve of proper magnitude 
through the actual altitude data points. The air-consumption 
values of figure 29 were obtained from these same faired curves. 

The data points of figure 34 are actual altitude data, and when 
plotted alone, they do not indicate the trend too clearly. The 
expected increase in fuel consumption accompanies a decrease in 
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nozzle size (fig. 35) . Jet thrust increases with a decrease in 
nozzle size (fig. 36) because of the increase in tail-pipe total 
pressure. The trend followed by net thrust (fig. 37) is similar 
to that for jet thrust. At a ram pressure ratio of 1.70, net- 
w thrust specific fuel consumption (fig. 38) decreases with decrease 

S3 in nozzle area at most engine speeds; at high engine speeds, the 

three smaller nozzle sizes give similar values of net-thrust spe- 
cific fuel consumption, whereas the 22-inch nozzle gives a much 
higher value. At lower ram pressure ratios (flight speeds), how- 
ever, the 18. 41- inch -diameter jet nozzle gives the lowest value of 
net-thrust specific fuel consumption over a larger portion of the 
high-engine-speed range. 


SUMMARY OP RESULTS 

The following results were obtained from an altitude -chamber 
investigation of the performance of a British Rolls-Royce Nene II 
turbojet engine using an 18.00-inch-diameter jet nozzle: 

1. Engine -performance parameters, except for air consumption and 
tail-pipe indicated gas temperature, could not be predicted for alti- 
tudes above 30,000 feet from data obtained at one particular altitude. 

2. Performance data at any ram pressure ratio for which critical 
flow existed in the jet nozzle could be used to predict performance 
at any other ram pressure ratio in the critical flow range within the 
limits of this investigation. 

3. The 18.00-inch-diameter Jet nozzle indicated a lower value 

of net-thrust specific fuel consumption over substantially the entire 
range of engine speed investigated than either an 18.41- or the 
standard 18. 75 -inch-diameter jet nozzle at an altitude of 30,000 feet 
and a ram pressure ratio of 1.70. At a ram pressure ratio of 1.30, 
however, the 18. 41- inch-diameter jet nozzle gave the lowest values 
at high engine speeds. The engine operating without a jet nozzle 
attached to the tail pipe gave a much higher value of net -thrust 
specific fuel consumption. Jet thrust, fuel consumption, and tail- 
pipe indicated gas temperature all increased when smaller Jet noz- 
zles were used, whereas air consumption showed a slight defcrease. 


Lewis Flight Propulsion Laboratory, 

Rational Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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APPENDIX - CALCULATIONS 
Symbols 

The following symbols axe used in the calculations and on 
the figures : 

A area, sq, f t . 

D diameter, ft 

3? thrust, lb 

g acceleration due to gravity, 32.2 ft/sec^ 

H enthalpy, Btu/lb 

J mechanical equivalent of heat, 778 ft-lb/Btu 
E thrust constant 

M Mach number 

N engine speed, rpm 

P absolute total pressure, lb/Bq ft 

p absolute static pressure, Ib/sq ft 
E gas constant, 53.3 ft-lb/(lb)(°P) 

T total temperature, °R 

t static temperature, °B 

T velocity, ft /sec 

"W a air consumption, lb /sec 

fuel consumption, lb /hr 
Wg gas flow, Ib/sec 

7 ratio of specific heats 
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5 ratio of compressor -inlet absolute total pressure to absolute 

static pressure of HACA standard atmosphere at sea level 

6 ratio of compressor-inlet absolute total temperature to 

absolute static temperature of HACA standard atmosphere 
at sea level 

Subscripts: 

b barometer 

c compressor 

d thrust -measuring diaphragm 

1 indicated 

J Jet 

n net 

p airplane 

s seal 

Station notation (fig. 3) : 

0 free stream 

2 compressor inlet 

3 compressor discharge 

4 turbine inlet (combustion-chamber discharge) 

5 tail cone (turbine discharge) 

6 tail pipe (upstream of Jet nozzle) 

7 Jet-nozzle outlet (throat) 
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Methods of Calculation 

Thrust. - Thrust was calculated hy adding to the indicated 
thrust (obtained from the altitude -chamber ' thrust indicator) a 
correction factor accounting for the pressure differential across 
the tail -pipe seal. The relation used was 

“ F i + A s( p 2 “ Pq) 


where 


F i " K <Pd - 


and the seal area 



Air consumption. - Engine air consumption was calculated from 
measurements of temperature and total and static pressure in the 
tail pipe. Total -pressure profiles across the tail pipe were plotted 
for each data point; the profiles were then read at eight points, 
so selected as to divide the tail -pipe area into four equal concen- 
tric, annular areas. The following formula was then applied to 
each of the four areas: 

W g = gl- aIsSHS 


where 

A l/4 x tail-pipe area (cold) 

AH enthalpy difference "between total- and static-pressure condi- 
tions, determined from reference 5 

The static temperature in the formula was calculated from the 
indicated temperature "by 
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where the temperature ratio was determined from the tail-pipe total 
to static pressure ratio "by means of reference 5. The factor 0.8 Is 
the selected average value of thermocouple recovery factor "based on 
instrument calibrations. 

Engine air consumption was then determined from the following 
relation by adding the gas flows through the four annular areas 
and subtracting the fuel flow: 

Wp 

w — w - x 
a “ w g 3600 

Simulated flight speed. - The simulated flight speed at which 
the engine was operated was determined from: 




z=i 1 

t p A 

2 s*^r ^ 

/p 2 \ 7 i 

\Po/ _1 


where 7 was assumed to be 1.40. 


get thrust. - get thrust was calculated from jet thrust by 
subtracting the momentum, of the free-stream air approaching the 
engine inlet, according to the relation 


¥ Y 

F = F, - a P 

n J ^5 


where Y p is simulated flight speed. 

Fll«at Mach number. - Flight Mach number was calculated from 
the compressor-inlet total pressure, assuming 100 -percent ram 
pressure recovery 



where 7 was assumed to be 1.40. 
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160 

111 

30,000 

14.17 

8.92 

1.59 

484 

10,790 

1826 

41.91 

1340 

1196 

500 

3.481 

21 

655 

2^0 

320 

26 

140 

185 


112 

30,000 

14.27 

8.82 

1.62 

484 

11,406 

2206 

45.21 

1900 

1396 

650 

4.106 

£1 

660 

900 

360 

£6 

155 

216 


113 

mjjgj 

14.12 

8.82 

1.60 

486 

12,284 

£668 

45.85 

2535 

1655 

775 

4.696 

21 

650 

290 

390 

28 

176 

£55 



•ATerage represanting time In altitude chamber. Approximately 22 hr had been aeemulated at tin a of Inatallation in altitude 
ohamber. 

b Da aha* Indicate unknown waluea. 
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AID CORRECTED TO 3TA1DAHD BZA-LEVSL ATWOSTEEKIO CO JCD IT I OKS 
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Point 

Altitude 

(ft) 

Ram 

pleasure 

ratio 

V»o 

Engine speed 
Crped 

Jet thrust 
(lb) 

let t hr tut 
(lb) 

Air 

SSS8J*“ 

Puel 

consumption 

(Ib/iir) 

gHlBi 

ggggil 

Alt. 

1 

Corr. 

!"• 

Corr. 

Fj/3 

Par aw ter 

♦ *0*7 
0 

Alt. 

'n 

Corr. 

B 


E3 

m 



cflisana 


m 

ESS 














n 


■ 

M 

30,000 

2.70 

8,952 

8,717 

2143 

2674 

4059 

211 



62.15 

990 

1203 

4.697 

4.674 

ESI 

wm* 

949 

eo 

30,000 

2.70 

9,996 

9,733 

3110 

3080 


980 

1P3.-S 

53.45 

66.48 

1699 

2064 

1.734 

1.688 

1199 

BTTT 

1184 

61 

soiooo 

2.70 

10^739 

10 J 457 

3662 

4818 


1597 

1993 

56.83 

72.01 

2392 

2906 

1.497 

1.468 

1377 

1306 

1349 

62 

30,000 

2.70 

11,528 

11,225 

4713 

6880 

7205 

2312 

2885 

60.24 

77.19 

3240 

3936 

1.401 

1.364 

1573 

1492 

1557 

S3 

30,000 

2.70 

12,058 

11,741 

5346 

6670 

8056 

2828 

3529 

63.19 

80.96 

4033 

4899 

1.426 

1.388 

1743 

1654] 

1742 

M 

30,000 

3.00 

8,020 

7,697 

1956 

2197 

3444 

37 

41 

45.43 

63.17 

679 

732 

18.60 

17.85 

781 

719 

756 

65 

30,000 

3.00 

10,003 

EftE'B 

3447 

3871 

5118 

984 

1105 

58.30 

68.23 

1828 

1970 

1.858 

1-783 

1187 

1093 

2110 

66 

30,000 

3.00 

10,8 IB 

10,382 

4365 

4902 

6149 

1761 

1967 

61.66 

72.40 

2600 

2704 

1.433 

1.375 

1380 

1271 

1302 

67 

50,000 

3.00 

11,609 

11,141 


6866 

7113 

2426 

2725 

66.20 

77.47 

3553 

3829 

1.464 

1.405 

1578 

1453 

1495 

68 

40,000 

1.30 

8,527 

9,441 

630 

2017 

6494 

324 

1345 

16.17 

60.62 

549 

2526 

1.694 

1,877 

1021 

1291 

1075 

68 

40,000 

1.30 

10,024 

11,098 

965 

4088 

0905 

627 

2602 

18.86 

70. T9 

823 

3783 

1.313 

1.454 

1256 

1840 

1239 

70 

40,000 

1.30 

10,766 

11,920 

1270 

5272 

8149 

847 

3514 

22.34 

83.77 

1146 

5269 

1.354 

1.499 

1429 

17 OG 

1791 

71 

40,000 

1.30 

11, EES 

12,764 

1494 

.6200 

9077 

1067 

4367 

£5.04 

86.38 

1485 

6815 

1.403 

1.553 

1672 

20fi C 

2049 

72 

40,000 

1.30 

11,759 

13,019 

1524 

6327 

9204 

1092 

4532 


85.64 

1602 

727* 

1.440 

1.605 

1746 

2140 

2165 

73 

40,000 

1.70 

8,657 

9,223 

803 

2549 

4749 

217 

689 

21.30 

63.47 

545 

1843 

2.511 

2.676 

934 

1064 

1093 

74 

40,000 

1.70 

9,975 

10,628 

1317 

aiB? 

6302 

652 

2069 

24.20 

72.12 

963 

2985 

1.354 

1.443 

1198 

136G 

1419 

75 

40,000 

1.70 

10,819 

11,527 

1746 

5343 

7743 

1010 

3206 

26.77 

79.77 

1313 

4441 

1.300 

1.366 

1415 

1606 

1707 

79 

40,000 

1.70 

11,634 

12,288 

2181 

6923 

9125 

1392 

4419 

28.70 

86.63 

1034 

6304 

1.318 

1.404 

1632 

1853 

1906 

77 

40,000 

2.00 

7,521 

7,829 

652 

1758 

3628 

3 

7 

20.40 

52.85 

382 

1073 

147.3 

153.3 

746 

807 

881 

78 

40,000 

2.00 

8,011 

8,340 

764 

2062 

3932 

02 

140 

22.38 

56.00 

471 

1322 

9.071 

9.443 

820 

80S 

994 

78 

40,000 

2.00 

9,084 

10,394 

1612 

4348 

6218 

594 

1602 

31.99 

82.90 

967 

2772 

1.662 

1.730 

1189 

1288 

1362 

©0 

40,000 

£.00 

10,752 

11,193 

1996 

5384 

7254 


2797 

30.14 

78.10 

1361 

3822 

1.312 

1.366 

1394 

1611 

1624 

81 

40,000 

2.00 

11,546 

12,020 

2405 

6488 

6356 

1365 

5685 

32.65 

84.00 

1930 

6421 

1.413 

1.471 

1635 

1772 

1864 

82 

40,000 

2.00 

11,682 

12,161 

2426 

6344 

8414 

1302 

3726 

32.80 

85.00 

1994 

5601 

1.443 

1.502 

1688 

1820 

1949 

83 

40,000 

3.50 

7,972 

7,658 

1444 

2227 

3296 

-46 

-71 

33.40 

53.63 

609 

902 



781 

721 

745 

64 

40,000 

3.50 

9,988 

9,593 

2673 

4122 

6191 

787 

1213 

42.26 

67.88 

1354 

2006 

1.722 

1.654 

1197 

1103 

1154 

85 

40,000 

3.50 

10,771 

10,347 

3228 

4978 

6047 

1187 

1830 

45.76 

73.46 

1977 

2929 

1.667 

1.602. 

1393 

1286 

1302 

86 

50,000 

1.70 

9,753 

10,393 

784 

4011 

0211 

369 

1838 

16.44 

74.18 

566 

3098 

1.582 

1.636 

1168 

1315 

1374 

87 

50,000 

1 1.70 

10,749 

11,452 

1072 

5484 

7664 

see 

3011 

17.57 

84.41 

860 

4735 

1.476 

1.573 

2394 

1562 

1693 

88 

50,000 

1.70 

11,473 

12,223 

1286 

6581 

8781 

802 

4106 

17.58 

84.47 

1149 

6264 

1.432 

1.526 

1638 

1859 

1977 

89 

60;000 

2.00 

7,871 

8,194 

421 

1832 


23 

98 

12.52 

62.35 

277 

1253 

10.85 

12.79 

813 

861 

927 

90 

50,000 

2.00 

9,960 

10,389 

970 

4222 

6092 

426 

1852 

17.12 

71.56 

606 

2763 

1.428 

1.487 

1199 

12 9€ 

1301 

91 

50,000 

2.00 

10,621 

11,263 

1260 

5483 

7353 

665 

2892 

18.71 

78.20 

865 

3920 

1.302 

1.355 

1417 

1533 

1643 

92 

50,000 

2.00 

11,546 

12,020 

1505 

6554 

8424 a 

— 

— 

— 

— 

1176 

6328 

— 

— 

— 

— 

1945 

95 

50,000 

5.50 

8,306 

7,981 

980 

2436 

3305 

35 

87 

21.18 

54.83 

429 

1024 

12.25 

11.77 

836 

771 

822 

94 

50,000 

3.50 

9,969 

9,596 

1610 

4019 

5068 

439 

1093 

26.37 

58.28 

876 

2093 

1.994 

1.916 

1196 

1104 

1147 

95 

50,000 

3.50 

10,763 

10,339 

1994 

{4960 

60G9 

728 

1810 

28.39 

73.61 

1262 

3015 

1.734 

1.666 

1396 

1289 

134S 

96 

50,000 

3,50 

11,570 

11,114 

2501 

16221 

7290 

1128 


30.79 

79.71 ! 

1769 

4227 

1.569 

1.607 

1629 

1504 

1579 

97 

60,000 

1.30 

10,362 

11,473 

420 

[4528 

7403 

264 

2849 

8.206 


393 

4698 

1.489 

1.649 

1326 

1626 

1254 

98 

60,000 

1.30 

10,743 

n,894 

499 

1 3390 

8267 

344 

3712 

8. 196 

79.92 

439 

8042 

1.275 

1.412 

1422 

17431 

1329 

99 

60,000 

1.30 

11,277 

12,486 

554 

5980 

8857 

399 

4310 

8.156 

79.54 

687 

7010 

1.469 

1.628 

1601 

1962 

1450 

100 

60,000 

1.70 

10,106 

10,769 

528 

4354 

6564 

298 

2458 

8.3©4 

65.06 

419 

3683 

1.406 

1.498 

1248 

2417 

1469 

201 

60,000 

1.70 

10,824 

11,632 

668 

5617 

7717 

378 

3120 

10.56 

61.82 

645 

5671 

1.706 

1.818 

1425 

1618 

1704 

102 

60,000 

1.70 

n,525 

12,279 

78 a 

6508 

8708 

486 

4010 

11.00 

86.24 

742 

6628 

1.528 

. 1.628 

1662 

1687 

1962 

103 

60,000 

2.30 

11,738 

11,979 

1066 

6503 

8129 

586 

3574 

13.62 

81.43 

676 

5466 

1.487 

1.628 

1705 

1775 

1218 

104 

60,000 

3.60 

8,875 

8,525 

062 

2663 

3722 

21 

00 

14.35 

59.91 

320 

1234 

14.94 

14.35 

968 1 

085 

929 


60,000 

3.50 

10,031 

9,636 

980 

i3951 


241 

968 

16.56 

69.14 

537 

2067 

£.225 

2.135 

1213 

1120 

1166 

VgS 

60,000 

3.60 

10,801 

10,376 

1237 

4959 

6028 

429 

1721 

18.11 

75.57 

821 

3161 

1.912 

1.837 

1428 

1319 

1366 

?V' : 

63,500 

2.00 

12,103 

12,699 

840 

6964 

8672 


4174 

10.58 

84.25 

807 

6966 

1.603 

1.669 

i860 

2010 

1514 

m 

64,500 


11,718 

12,486 

636 

6504 

8704 


4158 

8.336 

80.06 

624 

6805 

1.530 

1.637 

1743 

1979 

1473 

E 

65,000 


10,264 

10,475 

340 

4183 

5009 


— 

— 

— 

351 

2774 

— 

— 

— 


1433 


















no 

50,000 

1.70 

9,983 

10,380 

1241 

2459 

5744 

136 

274 

39.46 

76.14 

949 

1956 

6.859 

7.137 

1024 

1109 

922 

in 

50,000 

1.70 

10,737 

11,173 

1727 

3423 

6700 

486 

964 

44.41 

84.57 

1413 

2914 

2.906 

3.024 

1104 

1282 

1029 

112 

30,000 

1.70 

11,352 

11,813 

2413 

4782 

8067 

1074 

2129 

47.92 

91.24 

2070 

4268 

1.926 

2.004 

1382 

1497 

1190 

115 

30,000 

1.70 

12,199 

12,694 

2953 

5853 

9138 

1676 

3124 

49.28 

93.83 

2678 

6521 

i 1.698 

1.707 

1534 

1061 

1319 


*D*ahes indicat® unknown mines. 
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Engine speed, N, rpm 


Figure 4. - Effect of altitude on jet thrust. 
Ram presatire ratio, 1.30. 




Net thrust 
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4,000 6,000 8,000 10,000 12,000 

Engine speed, N, rpm 

. - Effect of altitude on net thrust. 
Rain pressure ratio, 1.30. 


Figure 5 






Air consumption, W n , lb/sec 




Fuel consumption, Vf f , Ib/hr 
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4,000 6,000 8,000 10,000 12,000 


Engine speed, N, rpra 

Figure 7. - Effect of altitude on fuel consumption. 
Ram pressure ratio, 1.30. 





Net-thrust specific fuel consumption, W f /P n , lh/(hr)(lb thrust) 
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4,000 6,000 8,000 10,000 12,000 

Engine speed, N, rpm . 

Figure 8. - Effect of altitude on net-thrust specific 
fuel consumption. Ram pressure ratio, 1.30. 


Tail-pipe indicated gas temperature 
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Figure 9. - Effect of altitude on tail -pipe indicated 
gas temperature. Ram pressure ratio, 1.30. 
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10,000 


12,000 


14,000 


speed, N, rpm 

on pressure ratio on jet thrust* 

3, 30,000 feet. 



Net thrust 
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Engine speed, N, rpro 

Figure 11. - Effect of ram pressure ratio on net thrust. 
Altituue, 30,000 feet. 
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4,000 6,000 8,000 10,000 12,000 14,000 


Engine speed, N, rpm 

Figure 12. - Effect of ram pressure ratio on air consumption. 

Altitude, 30,000 feet. 




Fuel consumption, W f , lb/hr 
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Net-thrust specific fuel consumption, Wj/F n , lh/(hr)(lb thrust) 
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4,000 6,000 8,000 10,000 12,000 14,000 

Engine speed, N, rpm 

Figure 14. - Effect of ram pressure ratio on net-thrust 
specific fuel consumption. Altitude, 30,000 feet. 


Tail-pipe indicated gas temperature 
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4,000 6,000 8,000 10,000 12,000 14,000 


Engine speed, N, rpm 

Figure 15. - Effect of ram pressure ratio on tail -pipe 
indicated gas temperature. Altitude, 30,000 feet. 
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4,000 6,000 8,000 10,000 12,000 14,000 


Corrected engine speed, N/V©, rpm 


Figure 16. - Effect of altitude on corrected jet thrust 
Ram pressure ratio, 1.30. 


Corrected net thrust, F n /6, lb 
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Figure 17. - Effect of altitude on corrected net thrust. 
Ram pressure ratio, 1.30. 
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Corrected air consumption, W a v®/ 0 > lb/sec 
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• - Effect of altitude on corrected air consumption 
Ram pressure ratio, 1.30. 


Figure 18 



Corrected fuel consumption, W f /Si/© , lb/hr 
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Figure 19, - Effect of altitude on corrected fuel consumption 

Ram pressure ratio, 1.30, 
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Corrected net-thrust specific fuel consumption, lb/(hr)(lb thrust) 
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Figure 20. - Effect of altitude on corrected net-thrust 
specific fuel consumption. Ram pressure ratio, 1.30. 





Corrected tail-pipe indicated gas temperature, 
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Figure 21. - Effect of altitude on corrected tail -pipe 
indicated gas temperature* Ram pressure ratio, 1.30 



Corrected jet thrust, F./6, lb 
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Corrected engine speed, N/V&, rpm 

(a) Corrected jet thrust, Fj/6. 

Figure 22. - Effect of ram pressure ratio on corrected jet 
thrust. Altitude, 30,000 feet. 





Corrected jet -thrust parameter 
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Corrected net thrust, F n /6, lb 
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4,000 6,000 8,000 10,000 12,000 14,000 


Corrected engine speed, N/V® - , rpm 

Figure 23. - Effect of raro pressure ratio on corrected 
net thrust. Altitude, 30,000 feet. 
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4,000 6,000 8,000 10,000 12,000 14,000 


Corrected engine speed, N/V©, rpm 

Figure 24. - Effect of ram pressure ratio on corrected air 
consumption. Altitude, 30,000 feet. 
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4,000 6,000 8,000 10,000 12,000 14,000 


Corrected engine speed, N/V§", rpm 


Figure 25* - Effect of ram pressure ratio on corrected fuel 
consumption. Altitude, 30,000 feet. 



Corrected net-thrust specific fuel consumption, W f /P n \^, lb/(hr)(lb thrust) 
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4,000 6,000 8,000 10,000 12,000 14,000 

Corrected engine speed, N/v 1 ^, rpm 

Figure 26, - Effect of ram pressure ratio on corrected net- 
thrust specific fuel consumption. Altitude, 30,000 feet. 




Corrected tail-pipe Indicated gas temperature, Tg^/9 
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4,000 6,000 8,000 10,000 12,000 14,000 

Corrected engine speed, N/V5, rpm 


Figure 27. - Effect of ram pressure ratio on corrected tail- 
pipe indicated gas temperature. Altitude, 30,000 feet. 






Compressor pressure ratio, P 3 /P 2 



figure 3*. - Compressor pcrXorKKioe. Altitude, SO, 000 feet; ru presanre ratio, 1,70, 


NACA RM E50A3I 




Turbine total- pressure ratio, P./P 
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Engine speed, N, rpm 


Figure 30. - Effeot of jet-nozzle size on turbine total- 
pressure ratio. Altitude, 30,000 feet; ram pressure 
ratio, 1.70. 
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4,000 6,000 8,000 10,000 12,000 14,000 

Engine speed. If, rpm 

Figure 31. - Effect of jet-nozzle size on enthalpy rise 
across compressor. Altitude, 30,000 feet; ram pressure 
ratio, 1.70. 


Turbine- Inlet total gas temperature, T 4 , °R 


54 


NACA RM E50A3I 



Figure 32. - Effect of jet-nozzle size on turbine- inlet total 
gas temperature. Altitude, 30,000 feet; ram pressure ratio, 
1.70. 
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Engine speed, N, rpm 


Figure 33. - Effect of jet-nozzle size on tail -pipe in- 
dicated gas temperature. Altitude, 30,000 feet; ram 
pressure ratio, 1*70. 
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Figure 34. - Effect of jet-nozzle size on air consumption. 
Altitude, 30,000 feet; ram pressure ratio, 1.70. 
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Jet thrust 
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Engine speed, N, rpm 

Figure 36. - Effect of jet-nozzle size on jet thrust. 
Altitude, 30,000 feet; ram pressure ratio, 1.70. 




Net thrust 
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Figure 37* - Effect of jet-nozzle size on net thrust. 
Altitude, 30,000 feet; ram pressure ratio, 1*70. 




Net-thrust specific fuel consumption, lb/(hr)(lb thrust) 
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Engine speed, N, rpm 

Figure 38, - Effect of jet-nozzle size on net-thrust specific 
fuel consumption. Altitude, 30,000 feet; ram pressure ratio, 
1.70. 
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